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Mte

Adiscussion of the evolution of Cbldujdipi iffi ipas that we know -z i~t dI abut
a lrp;"mbr-o thse~t sis.Altough '-.. are still i'jj 4'ntga in our

knowledge, t!;e agent of nwningopenculoiitis. (M-N, C. psiMid) has been studied
swesteatically in scvctal laboutaroics. The inforanation --flut we have on -its,-
strucure, chen**tconzosith~n. &vcelotnment-a- c--Vc.' enzymtic -activitV in an
estrrccllular--aswiell i% in an intratcllulAr enviAromwictt and tn it-s interaction %titl__
the host cell is ifirgmreter than what we klnow of niktsazon-cultivable myeo.
bacieria, and -wst of the cttltivable patboges. In fadiwefmay considr the MNI!
agent as the Iidhierc. c of bost-clcpendenvivactLra Nxcellet fndarnr.taI
work has been dotie with a number ef-other established s~taitv5 of C. piiuar and
C. IrwdhavIbk. Thie least' intionsiation is. avalaible on i-oltetis utuat have notr et
benadpe to yic~'iia harvests. in czggs and cell cltzures. These are our piri-
nmar oncernand a ds-cusion ofcv evluiozvinust base.d on he as-umption thatt
knowledge painstakingl obane ith establishe-d utrints applic~io thtm- As
our work progeIes this assumption ilust libe1 rotnm.ulv ~afteni~ed.

$arov and liecker (tifu) iso-lated! thie dcoxyriaclec 26i4 (D.N A) of the Tri-it
stran o4 C. frac"eaw~is 6y ;a procedutr which m.uinimized- shearing and i-iekkd a
laty-e number of cyclic frms. E-loctron Microsco]Pic awasurczz~mus and density
gradient dcterniinitiowi indicated that an ume-heared molecule of V)NA contirins
About I I x I c. nuckeoide pairs. A cf nparisnn of thii- talue -aith those ob-ained
by -ather% with chlamvdiae and other bacte~ia iad with vinaso. is -illustrte-d -in
fable 1. Kingsbury (:19<9) obtained sonbm-hat lower valees for two strain of
C/iAywdAt, but his metho~d was entitelr dit~ernt. It was based on the ikisdi: r
Britten and Kovhnc (:z6) that the rate ofreacsoCiation bemween singtle t-nso

* Ii th~ Iiscm tueM~iI~ ~d S M p~y mcrtl %w fc R*-No Task

Ile s~~i4~1ý 4-9 72M cxntaammi hcwcu amc thosc 4 dwc auth~r am we amc u.0I am m AN&onsuo
.u~da i~rc'cun~thcd s~s~ q'.ouw dhc~a~ umc it! 5~ri~ as
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TA1BLE- A

orginism iz.4 nu&9eo Mte.htxd Refe-recew

EfthtHidji CO& 45 AR Caims (196 3)
NIu,,ivai erdtaniWaf: 1 RK Kingsbury (19&j)'

N rai~i~di37 RYKingsbury (1-69)
Rikd~lsk rckritfi Is RK Kingsbury 0(iqb)

S.¶RK Kirbsbur - 9 ýs))
O`C. 1rwh a/ii (-N1RCGI;) RK Kini~br 36)

C. Inroat',,ais (TE-7t) I 1 1-M.% IX. Dao anGkkr~
Myt~~~pkswa~~ .Setioi 3sE odand:4roSL .1 9 ,

VAcciniat 'drm Z.; 1EM. DG Sarov and Ileckcr (t96~

cdihaccz 3 A and Sov- i~-

RK rasuw kinacs: L31 - clcetron Mkv.pct'im; DG6

bacterial 6KA fiugnwxuz' is invierscly propoftional to the s-ize of the genome.
Among the bacteriA studied, the spread in .wof Co D.NA ig about it-fold, but
there is nio aerlap with the largeri viruscs 17e spred ame-ng di.uble-stranded
D.NA vinuses is at le.~st to-fALd T7he DN'A of chiamydiac are among~ the srmller

baceril "A, but not necessa-rikhe±nastTe expedmcnzwis of llodc and
Mowtz qz&7 ar rtkcmaable to thtote of Sarov and! Bece (t969) and
it is appearetthat the genomec of the 2g.-nt of truchoma h, zt klc-.sza~large as that of
131)pwv 4PkV Wd .ei~V-S, whicl, of coursM, is capabie -Co-f muliplication without the
support -,f -host cells Thus. dfilamrdiac have malkient D-NA to account fvr a
multitude of functions. Thecir inability to grow independently of host cels. can
best be attributed to ad~pttitwt to, an hitraccluitiar env-ironnriet, rAther than to
cxtensivc eleItions in their genomes

V ~ ~~F~wfieffs Yaf6-iqi &ptAdapi /a I.iracrlar1.Mwr me
Crll wall. Tamura, Manime and their associatz-s (Tsniura and Ianure i967z
TamurA rt aL, 1967; %1anirc andTamura 1961 - Mfatsumo-to andl M'aritrer,390)
isolated reticulate bodies 4f the 1N 2iet rclaah-ely uncowntatituaedih e
par*iles (clemenzar bodics) and werr able to carry out a series -Wvsutlies en ech0

fui". . Both si-pes of cells %wcr shown tvo hare tfilamniaru ccllwalls, but thosý: oi
she reticulate bodlies lacked- -rigidity and *wer morm exsil- distupted bysonic
"tfatmcrat and trepsin. Tuibbr (i3970) rcentlyr 4*4--ned _god er.idence that the
cell walls of both forms contain pep i&0xans, but fxthe reieubrcvbodies Are less.
rigid bccawse the p idogkmcan arc not cross-linwe by peptide bridges. T1hils

fInit in part Unrarels the msn~tely of Abe Jcv44wmc:1t cycle. In a suitable
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intracellular en-.'ironmniza, the pieptidec lrndges containing WaLmninc arc dissolved,
preuraiblr bi' th, elemctarv-bcxl, as one of the firs t steps in rftiutebd
fornmation. I-oIr snme un*_nuwn reaso n this sifuation favors greater exchange of
nuitrents with the hos-t cell. Afler chbmvldial cell divisiton is abour c;.hmp!UCcd, thle
cros-s-linkages are regenerated and rcticu~late bodies aire converted into dlemenuarv

Jfrttfln~i adihftrinf is~lakdresfiin, re/ik Technical dit'licutsties. have limited metaboic
Stuies(Wess taA 194,1968; We issý, t961, 1967: Mioulder et/a., 9g61; Vender
andMouder t9's-: WissandWilson, i969) almost exclusively to the cleve-n-

rare Mdi-, although'l the reticulate bodel is undoubtedly the miore active torm.
rThe saliecnt features of thle metabolism, of intact is-olaited demenrarv bodiesC.
whtich are anilo ous to tile resting cells of other systems, can be sumintiazcd-

(a) Among the subs"trates. mtwabolized are glucose-6-phosphate. 6-phonspluo-
glucoinre, pyruvatc. glutamite. x-erglutarat. aprae n sluie

tn*~-I -keti Itc a i"tac aniioecn

(W) ane rattcs are one to two ord-cts. 01 fltitituUC lower titan those of moist ot -er
bacteria utilizing the- ame substrates.

"(r) Th'lc reactions in ntinst. but not all, cases; involve one or a few enzymes, r.ather
than a seriets. are anaeroblic, and rescult in thle evolutionnof CO.. Thle .MN
agent is also able to incorptorate carbon from, glucose-6-phos-lnhte. aspaatate
and isokcucine into lipid. primarilvinto thec fatty adids, o'f p-osrihazidyl
etlh~noknine and phosphatidryl choline ,Weiss and W~ilson, 1969; Gaugier
Wf al., t969).

(J) Thbere i3 no evide-nce that useful energv is derived from any of thesc i cacti, ins.
In fact, svevral of these reactions require extogcntmu -denosine triphosphate
(Al?1). a rare if nor unique requirement for intact microcxvnisUms.I(e1) Several reactions require or arc greatly stimulated by pvridine nueleotides.

again an unusual event for intact cells. EleIctrin transprt sytems trnappear toh e incomplete. Thecre is no evidence of the presence Of functioning en-
do~gen-mus cvtosebrornes, but thec miernorsgaitsmis can teduce added- eno-
chronice C 1:4 the presence -of either- reduced pyridine nucleotidcs or a-
combination of an oxidized pyridine nucleotide plus a substrate that
elicits its reduction (Allen and flovarnick. tg-- 1- A. Kiesenv. perso-nil
communication)l.

The above-described reactionts cat heintcrproes-Jasithe vestigem otnwrr extenstve
activities lth.: can zake place either. ky) in concert with hlost cell con-.ituents orn

-=(k) in renvtuhclwre .boi =An ate repressecd in elementary bodAies.. Evidentce for the
F.n possibiliri- is of atnegative nature. If she chlamvdial cell rakes advantage of
whx- it finds ;in she host cell, it must retain strictly p-Vat otIC activities andi at
leas stwo of the above-described reactions are pnxjrocarvoic. Asprsic adid is
mtacbolizexd via diaminopinwclic acid to Irs ine (Mouldehr a ds, i96;%: Weiss :nd

tWilo^ ; 96gI. NIa k inodelaL (19-4) baui% sho wn sta chlda .navd ial eIl cl'ute brwanchd
fktv acids not er~couanrered in a*.'imn or mammtalian cells, and lipid synthesisf mar
presirentialir involve these compo-unds. O-n the poisitive side, the chlamvdiallecll
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may well depend on the host ceel fewr a number of energy-rich inteie~azes and
for the reoxi-dation (of reduced pyrvnzC- nuclCotitis. The seCoflU possibility,
wn-mcv that reticulate boix-ls arc metabolically n'v're active than eletientary bodies,
is-supported by the experiments of Tamura and Manire (t968)_who showeai that
the sovA-i"hrome C rrdticzave activity of reticulate bodies wras far eteeatcr than that
of the elementary bodies andl that this, was in part due to izreater.-xrMicabilitv.

iMo. qo-f these exeiet-eedn ith the MN agenti, but manv wvere

repeated with strAins. of C. lrarivowfais. Quasitative diflicrences in nxetabo-lic
patterns have niot been encountered.

I,,tr1rrgli,, wirib The £esi t cel. The chlamvdiAl cell has no active mechanism of pmene
tration and this is-not surprising .c it isnt calvabie ofd glnurnig .T
gain entrance into a host cell, it must depend on the phagoccIC11 ac-tivity oif the hos-t
(FIiHS,4. 71). Asas result. iE if Aken tip in a xvacuiole and the developmental cycle
takes place ther-. -flow the chlamydial cell avoid-, the release or action of Ihso-
somal menvye tsf(J nwn hzon it is iltc unustlal for a -ir%~ns to

i~cbicvc an intracellular location by phagocytosis. other mechanisms have been
decribed. Rickettsie for exaniple. actively p -ert int h 4t6l, since pene-

tradtoh ch-od parillels their ability to oxidizre glummnatt and ito, produce All'1
(Cohln et al. 19'9:. Bovarnick andi Schnei&r, 1960). Byv this methodl they gain-
access into the cytoplasm of the- cell and are not eclochsed in -A vacuiolc (Andcison
tal OL 965).

The chemiical cn-ents that accoinpany the intracellular developimental cycle t--f
chlaniviiae have been elucidated -in. -oude'- laloratc-rv. A maPurtooz a h
inhibitor. qcvloheximidc. which prev~ents prottein and DNA syntheses ofeuicarvoitic
but not otprucarvotic rells. By the use off ihis tool Akc._in&-r(ti9 &8. 1969) showeLd
that chlamvrdiae: sy.nthesize thteir own DNA and protein. fin 69648) showed that
As chlamytiiae begin their syntheses they inltihit hotst zhymidine kinasc- activity.
I iost )N'A snthmesis declines andi reduction in protein and RNA syntheses fullowv.
Mouklder (1970 has shown that glucose metabolism proceds. at the samte ra-te !n
multiplying and non-multiplying, 1. ._ls, and that excep-t tor a rise hi aerobic
ztlvcoilsis. the caiablwism. is no t greatly atlectcd by infiction with thc MNI agent.
The. above-described iinding7. provide evidence for 'Mouldcr's. hy!pothtesis that
the energy of the host is diiverut from production of its own rrozicin and DNA
to that of the chi~nndiazl cents.

The three ch-ara4teristics_ of chlmimydiac, iiibility to generate its vu-n ATP'.
inhibition of host DNNA snthcsis, and depener-ce- on energy thut becmesx-
available as a-conscquene of this inhib-ition, represent an exijuisite adaptation to
an intracellular environment. Fot instance, if chlamvdiae predziced significant
amouints ot ATE', the rates of sthescouild quickly exceed the c:apacitr of the
host cell and the inmcrlelulaz ciaviruxincnt could be desttroyed. If host DNA
rnthesis avrm nc* inhibited, competition with the hust cell for eenilmeta-

"bltcs would stifke-hlamyvdial tetabolism.
Of couirse, this ic. rot the oniv sucocessful combination of -2roperies for intra-

cellular growth.. but in ani- case'the host coell must not be des-troyed toit' quickly.
RIckctcl iws generate sotni of their own AIM, but do not prematurely exhaust the
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hosess nutfients because they multiply - lowly, with a me-an douhlintr tine of
6 huts orlo-ge. I ws -h,,wnby Dasingger- and W~ikon (192)tht a virile.-t

strain of iRrnerdt airia; ornidizes glutamate at -about hluf the r~re of an avirulent
strain. This is po.qsibly related to the tiz~ing by l'reerun. rfta4' (s964) that aviru-

lent bruceizac caaw ic. uluiuq.ae tgu ie pit inncts no b.caethydwn-t ha-. Hve the ability- to growv in them. but because nlev destroy tl.cm itrpil

arilii ;. ,kl!)Jif r~ritawl irjifC~i.'rda.The numerous obser'vatjons
mAde oin strAins other thian MR atud a few other established a-entv have not
provided evidence that there are major excepti~ons to, the metabolic prattern just
outlined. The criteria used to separate C. Irar'o,,atis from C. ji-dll/a (Page. t968i)
indicate th-at sonmc important differences do exist, but each tine involves a relatively

sma~sciesof nzvx--;.The morphologyv of the-inclusiwin is difficult to' evaluate
in biochemical terms, uinless the compact inclusio n oif C. In-rhoa~ratii is due to, the
deposition ofglcoi-e.n.Foamirognsththsaacve-ut^ eau-
lism, thaiit rlc fi osnhs~,store, andt deg~rade givcoggen re-
presents a diffi~erce of" a few enzyvmcs. Sulfadiazine-sus-ceptible strains synthesize
folk acid front simple compoinents. 7iThose which aerstntconvert itr
6ilic acid to their own specific firrm, of the vitamiin;(Cokin.r j96:) D-cvck'serine

inhbtstwoenzmes involved in zilanin met-abolism adini to th ftrmati in --f
the pepticla- bridg,-s of the cell wall. Differences in 'susccptibility tII this inhibito'.
between tile two species of-Chlbmydlkz arc a matter of degree and are-best inv~r-
prcted as bein due to. different affinities of the enzymecs for alanine and D-
ercioserinec Xlouldret a/a., i96s). It can he voncluded that the study oif netabo-
lism emphasizes the characteristics that chlamydiae have in common. irather than
those which seprate them.

DNA1 bdorttari/r a-u.'og slraian of Chlianidia
The base comptosition of the DNA of strains. of Cb4klYamri studied in eea
labioratories (Moulder, 1966-. Kirkesbury and Wes ~;GerlIti I- a!.. mro).
Thlere appears to be a s.mall but sigxnificant differeceic between the bast- com-
positions of C. ptittad and G. iradxuiaifis. In oine study (Weiss; t. a!., 19i the
molar piercen tages of guanine plus cytosine (",. G + )weet ad42 epec-

fiely. It is likeclyas smikgesicdl by"1 Gerltfal. (1970o) that intermediate values will
fe ound as the investigations are extended ito a larger number of strins.

The difference in base ratios between the zwo sp-ccies is reflecsted in the results
obtained in D. !A reassociation experiment- (Kingsbury and W-ciss, i96mt: Weiss
et at, 1970). The single-stranded DNU of one steiswas immobilized in
wembrane filter-s and incubazcd with DNA fragments la~beled wvith catbwmn- 14
derived from another species. The degree wot reassocciation toccurringe in ".oder-
ately high salt concentration (o.6 NI:, -i- and at a temperature of 61CC was

compred it) the reactiont occurring with honutloitous fragentors of L-beled DNA.
(The term treassociation'rfiers, to hereroloigous as well as homologo-us duplex

formaton.) he cobination o f salt ctincentratiw. and temreratur u-d in these
investizaticrns can be called "semi-restrictive' or niot requiring a high degree of ho.-
nmoencity betveen DNA strands. -it was a surprise- therefore, That DNA rcasso-ci-



TABLE 11
Silairizy amon~g /I* DNA- k4ahuma is/iens of C. trachonintas

Per cent

Isolate Per cent rrassoesatzor
G-r C wvizh Mlt.GG

MRCzG 4L (ce

Ciii 96

From Kingsbury and 'Weishs. £965;. WvhS f. A 97C.

atio) between C psillacti and C imlraduv;ais was ounly c of the hu'molo.'ous
rection.-# This small azo-unr of reassociated DNA was dissolved at wlch-ivelv low
temperatures, indlicating that there were frequtsnt g-aps in its base pairing.

Exactly the opposite rest-lts wvere- uaedwe icascain expe-rienirts
vvero carrie-d -out between twoc strains ojfrC psimic or between ant' two of the five
human isolatesg of C. irwAciomals listed ini Fablel 11. The deilrre of tcas5"cziatitin
amounted to 9i-9r",, and thec reassocined DNA were abouot as rhcermosltahie - it

as extensivdiv piaired - as those obtained with two single strands of the same-
organism. Gnrprable k-vels of reassociatoti .rere obtained earlirr betwecen
Cpshiua strain;- by Gerloff'd a? (t9 66-t

-The degre of n hnmgenir within a species is re-sted, hoevr b nrprii

a prototype strain with oine ui hich fulfils the criteria for inclusion in the seis
but is otdherwise quite dissimilar Theagnt of mouse pncvumnoiris 3ou}ply

suharole in the spvcies- C. tracbsvaris. tIf- wa-hw Wisaa.z 9 Cthat it is
more closelyv related to C. tradyimad~s thin to C. swc Like otlher strara.s of
C. iracixsmalis, Mol'a has a base ratio 1.f 4z",, C and reasstvaarez with
C. ,vzsilaci to he cxtent of :4i flhow ever, the devgree of reasswiiatu'ti v ilth the
-NAC-tf'G strain is 631%, under scmi-restrictive conditions (6fC() and :f.under
highly res-trictive conditions it5PC). The thcermosrahilitv of the MNRC-t '3M i
duplexes- is low. While the hornMohmojus Juplecs -r thiose fornmed br&tween the
two humnunstrainis of C. .radisnnaiis separate at the temperature of den-turation o
native DNA, she midpointof scparatmonn tif the MIRC-; -(b..oPn dulr,:exes% is about
I I tov wC lo wer - -in unusually low thermosubility for two sitrins able to re-
associate to ant appreciable- extent. Thus, these studies have &er-.onstrated that
there is a -certain amo unt o f similarity be-twe-en poKnlrucle. itidt. -AciluL'ics of the

tw NA, but have faile-d to show idetyina sa of their ienomcs-..

Thec reults obtained witih Cbhzp:rela have their pairallel in other bacteria. For
example-. Kingsburr 2(a%67) has. showxn that the degree of similarity in pohly-
nucleotide "euence of the DNA f to strains Of jNi.rwi.: srigiiis i"o the
otidcr of 95-to0",. Thewse strains arc afl powtential hunvin pathogenis. but dialer
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greatly in antigenic specificity. On the other hand, we have shown more recently
(Weiss a al., 1971) that strains of IV. !ada.mcais, which are isolated from sman
but are not associated with diseaie, have a much loweT level of similarity to N.
7.11ndi1gidis or to each other in I '%ynurleotide sequence. If these two examples
have general significance, we may surmise that human pathogens arc classified
more narrowly than other microorganisms.

CONCLUSIONS
There are essutttlly three .iethiods by which we can judge evolution in , tgroup
of micnwirgranisms. The first one - discussed extensively in other papers - is
antigeruc analysis, whifh dettects the most r.ý .utv ditlcfenccs. If applied to intaict
c!.ils it emphasizes changes in 'uriface ;truciutes that might have emerged as the
result of the sclectivc pressuares of antil-.die-. Proba ily: ii AsM, emphasizes the
:niure recent changes. From the nractical ijoinr off view of strain ;dentification,
epide.'iloglica! inv "tigeation, or vaccine proa1uci.iJ it is the tfmutst uisciul niethod.

The secon.; is the study of the DNA. This method is not .uilidently sensitive
to detect genetic changes affecting antigenic structure. degrees of virulence for
mnan or aniinals, smooth to rough variation. and other changes that involve le.stitan ,thn ', tot. te genoie. It is be-st adapted to serve as a g.uide to define the sp'cies.

In this role it also s---v. ! v,-v useful purpse%. In the case of C fradtlmltas
studies arried out thus far sugges ýhat genetic differences among the human

pathogens :, relatively small. In attempts to tuderstand the variegated aspects
of human disease causte by C. trecynvefis it encourages us to pay moreatrention to
ho-Ast and environmental factors. Of course, this is a highly biased view derived
from a study wit. a few strains well adapted to yicld large harvests in the labo-
ratorv. It nmst be tested aairst th, strains that have been more directly asso-
dated with discata.

The iMoPn agent is pcrhapsi a good "--mple of the many strains that can be
isolated -from healthy aniraals simply by passing suspensions from organs from
animal to animal in -eries. The art - -'DNA reassociation has r.-t advanced to the
point that it can analyze the relatedn"ss ofntwo DNA that reassociate extensively,
but form duplexcs tiha are entirely thcrniolabile. Thcreifre, what follows is
-nt.:cly speculative. The difference,- between the MlPn and the human strains of
C. irakmHaIs might weli he the result of getietic *drift'. or residence in different
hosts for a suflicientlv long time to allow the eimergence s.f numerous point
mutationr. Some of thes" mutations may not have affected the function of the
genes involved, since the triplet code allows a cvrtain amount of viariation. Others
may have pr.duccd minor changes affecting the interaction of the microorganism
"with the host cell that are not easily detected in the labo-ratorv. *'he survival of
many of these changes may not have been due as much to selective advantage ac
to the state of isolation of these -trains in certain hots. Tlhe time required for the
establishmcnt ofthik diverging evolution was determined primarily by i-wo factors.
one is the extent of growth of the microo-irganisms in the neiw host, which might
not have been the same duritng the entire course of this evolution. The second is
the ratio of letihal to total mutations. whih might not be the same in the intr3-
cellular and cxtracellular environmncts. In any case, it is a good assumption that
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TABLE III
HjtpoII'edi d tep$ in the erol/.',j if Chlanvdia

Step Function selected Selective advantagc

I Survival after phagOcytosis Entrance into host cell
L loss of cross-!ink.g.s Greater inter.c::on with
of cell wall host cell

3 Inhibition of Ii" s DNA i.css coipetitio)r with
synthesis host coll requircients

4 LoAss of ATP synthesis. Rate of growth adjusted
defpndence on host imeri-v to environment

S Reformiation of cross- Great;r sta-wlity in
_inkages oft cell wal c:..ttaccllular cnvimnnme|nt

the common ancestor of agents such as McolPn and the human strains of 7C. racdo-
Malas irslativelv rem•ote.

.Tnl_ difference it. DNA between C. irac/J'mai$s and C. psillad is so great that it
is difficult to sec any evolutioeaar" relationship between, the two spe•.es. We
cannot ignore, however, the third and best established method of ana-yzing
evolutionary history, namnely the study of structure and function. This method
is best adapted to the definition of the stenus. The similarity of al! :hlamydiae in
morpholopy and in mechanisms by which they have become adapted to, an intra-
cellular envirotifment is striking. This is particularly obvious wlhen they are
compared ro such obligate or facultative intracellular bacteria as rickettsiae, 1nyco-
bacteria, or brucellae. The common ancestor of C. tra:.4o,,1tis and C. ps/A,' must
be quite remote however, to account fi'r their difference in p)lynuclc):ide
sequence. The two species retained their similariy possibly because the appear-
ance of one change in a population givratly favored the emergence of a particular
second change, and so on in succession. Thus. two related but not necessarily
identical microorganisms undergoing an initial similar mutation continued to
acquire similar functions, while genot•pically they "drifted' further apart. An
example 4fsuch a series cf changes - whic-i is highly speculative - is illustrated in
Table IlL Successful entrance into a host cell by phagqoc-ytosis favors the mutants
that can dissolve the cross-linkatges of the cell wall and interact mo)re freely with
he host cel. Selective inhibition of host cell svnthesis is the next step to give such

an organism an overwheinring advantage. L-oss of ability to produce its own
ATP and dependenct. on energy derived frton the hosi is furthkr insurance that
the micro-environment wi'! nothbe destroyed too rapidly. The ability to reform
the cross-linkagxes is a necessary function to protect the micruoorganism in its
journey from cell to cell and from host to host.

The above presentation of the biology and evolution of Chia'hdia is perhaps
an oversimplification. Exnerience teaches us. however, that as we come closer to
the understanding of a phenomenon, the explanations become simpler.
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